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DEGASIFICATION AND PRODUCTION O F  NATURAL GAS 
FROM AN AIR SHAFT IN THE PITTSBURGH COALBED 
by 
H. HI Fields, 1 Joseph Cervi k , 2  and T. W. Goodman 
ABSTRACT 
\ 
The Bureau of  Mines conducted r e s e a r c h  t o  de te rmine  t h e  e f f e c t i v e n e s s  of  
long h o l e s  d r i l l e d  i n  s o l i d  v i r g i n  c o a l  i n  d e g a s i f y i n g  a n  a r e a  of  t h e  P i t t s -  
burgh coa lbed  showing t h a t  h o r i z o n t a l  h o l e s  d r i l l e d  i n t o  a  v i r g i n  coa lbed  from 
t h e  bottom of any s h a f t  w i l l  e f f e c t i v e l y  remove methane gas  i n  commercial  
q u a n t i t i e s  from t h e  P i t t s b u r g h  c o a l b e d .  
The i n  s i t u  p r e s s u r e  a t  a  dep th  of 214 f e e t  i n t o  t h e  coa lbed  and t h e  
average  g a s  and w a t e r  f lows from t h e  f i v e  d e g a s i f  i c a t i o n  h o l e s  were 3 l b / i n 2  
gage and 860,000 f t 3 / d  and 1 . 7  g a l / m i n ,  r e s p e c t i v e l y .  On June 1 9 ,  1975,  a f t e r  
593 days  of  d e g a s i f i c a t i o n ,  a  compressor was i n s t a l l e d  and p i p e l i n e  q u a l i t y  
gas  was i n t r o d u c e d  i n t o  a  commercial  p i p e l i n e .  A s  o f  June 1, 1976, a f t e r  
1 ,022 days  of  d e g a s i f i c a t i o n ,  over  753 m i l l i o n  c u b i c  f e e t  of g a s  had been 
d r a i n e d  and 117 m i l l i o n  c u b i c  f e e t  o f  g a s  had been purchased by t h e  g a s  com- 
pany f o r  u s e  i n  t h e  l o c a l  community o f  Wadestown, W .  Va. The g a s  d r a i n e d  t o  
d a t e  i s  s i x  t imes  t h e  g a s  e s t i m a t e d  t o  be  i n  t h e  a r e a  subtended by  t h e  h o l e s .  
Methane emiss ions  a t  t h e  working f a c e  o f  1 West mains ,  F e d e r a l  No. 2  mine has  
been reduced by 50 p c t ,  p rov ing  t h e  v a l u e  of methane d r a i n a g e  by h o r i z o n t a l  
d e g a s i f i c a t i o n  h o l e s  d r i l l e d  from s h a f t  bottoms ahead of mining.  
INTRODUCTION 
The Bureau of  Mines has  been r e s p o n s i b l e  f o r  t h e  promotion o f  h e a l t h  and 
s a f e t y  i n  mining s i n c e  i t s  e s t a b l i s h m e n t  i n  1910. P r e s e n t l y ,  i n  a d d i t i o n  t o  
o t h e r  a r e a s  of r e s e a r c h ,  i t  i s  engaged i n  methane c o n t r o l  i n v o l v i n g  removal o f  
methane from v i r g i n  c o a l b e d s ,  from major p a n e l s  be ing  p i l l a r e d ,  and from o l d  
gobs.  S p e c i f i c a l l y ,  t h i s  s t u d y  was des igned  t o  de te rmine  t h e  e f f e c t i v e n e s s  of 
long h o l e s  d r i l l e d  i n  s o l i d  v i r g i n  c o a l  i n  d e g a s i f y i n g  an a r e a  of t h e  P i t t s -  
burgh coa lbed .  
Methane e x i s t s  under  p r e s s u r e  i n  m i c r o p o r e s ,  j o i n t s ,  and f r a c t u r e s  o f  
g a s s y  c o a l b e d s ,  and a l s o  may be p r e s e n t  i n  a d j a c e n t  s t r a t a .  A s t a t i c  i n  s i t u  
g a s  p r e s s u r e  of 275 ~ b / i n ~ ~  (gage) has  been measured i n  t h e  P i t t s b u r g h  coa lbed  
l ~ i n i n ~  e n g i n e e r .  
s u p e r v i s o r y  g e o p h y s i c i s t .  
and t h e  p e r m e a b i l i t y  of  t h i s  bed has  been found t o  be h i g h  compared w i t h  t h a t  
o f  o t h e r  coal bed^.^ Dynamic gas  p r e s s u r e  i s  a  f u n c t i o n  of t h e  p i p i n g  sys  tem 
and r a n g e s  from 3  t o  197 i n c h e s  w a t e r  gage and i s  r e g u l a t e d  by h o l e  s i z e ,  
c o l l e c t o r  p i p i n g  sys tem,  and volume of  gas  a v a i l a b l e .  F u r t h e r ,  i n  a  number of 
mines where gas  w e l l s  a r e  l o c a t e d  i n  t h e  P i t t s b u r g h  c o a l b e d ,  s i g n i f i c a n t  b l e e d  
o f f  of methane from t h e w e l l s  i s  e v i d e n t . "  
A f t e r  921 days of d e g a s i f i c a t i o n ,  596 m i l l i o n  c u b i c  f e e t  o f  methane h a s  
been removed from t h e  mul t ipurpose  boreho le  i n  a  v i r g i n  a r e a  of t h e  P i t t s b u r g h  
~ o a l b e d . ~  A s  o f  March 1 5 ,  1975,  i t  i s  s t i l l  f lowing a t  a  d a i l y  r a t e  of 
500,000 f t 3 / d  i n t o  a  commercial  p i p e l i n e . 6  Th i s  i n d i c a t e s  t h a t  a much l a r g e r  
a r e a  of  v i r g i n  c o a l  i s  be ing  d e g a s i f i e d  t h a n  i s  d e f i n e d  by t h e  h o l e s .  This  
s t u d y  shows t h a t  h o r i z o n t a l  h o l e s  d r i l l e d  i n t o  a  v i r g i n  coa lbed  from t h e  b o t -  
tom o f  any s h a f t  w i l l  e f f e c t i v e l y  remove methane gas  i n  commercial  q u a n t i t i e s  
from t h e  P i t t s b u r g h  coa lbed .  
ACKNOWLEDGMENTS 
The c o o p e r a t i o n  o f  t h e  managements o f  E a s t e r n  A s s o c i a t e d  Coal C o r p . ,  
F e d e r a l  No. 2  mine,  P i t t s b u r g h ,  P a . ,  and Conso l ida ted  N a t u r a l  Gas Supply  C o r p . ,  
C l a r k s b u r g ,  W .  Va . ,  i s  g r e a t l y  a p p r e c i a t e d .  
THE 18 -FOOT-DIAM SHAFT SITE 
The s h a f t  u t i l i z e d  i n  t h i s  s t u d y  i s  an 18- foo t -d iam,  c o n c r e t e - l i n e d  
r e t u r n  a i r  s h a f t  l o c a t e d  i n  a  r e t u r n  a i rway o f  a  p r o j e c t e d  s e t  of  10 head ings  
i n  1 West mains o f  E a s t e r n  A s s o c i a t e d  Coal  C o r p . ,  F e d e r a l  No. 2  mine,  a p p r o x i -  
m a t e l y  4 , 0 0 0  f e e t  from t h e  n e a r e s t  mine workings ( f i g .  1 ) .  The 18-foot-diam 
s h a f t  i s  c o n s t r u c t e d  w i t h  a  s e t  o f  f o u r  headings--one e a c h  i n  t h e  n o r t h ,  
s o u t h ,  e a s t ,  and wes t  d i r e c t i o n s .  The P i t t s b u r g h  coa lbed  i s  7  f e e t  h igh  a t  
t h e  s h a f t  s i t e .  
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" ~ a b e t a k i s ,  M. G .  , T. D .  Moore, J r .  , A .  E .  Nagel,  and J .  E .  C a r p e t t a .  Methane 
Emiss ion i n  Coal  Mines - -Ef fec t s  o f  O i l  and Gas Wel l s .  BuMines RI 7658, 
1972,  9  pp. 
5 F i e l d s ,  H .  H. , J .  H.  P e r r y ,  and M .  Deul.  Commercial Q u a l i t y  Gas From t h e  
Mul t ipurpose  Borehole Located i n  t h e  P i t t s b u r g h  Coalbed.  BuMines RI 8025,  
1975,  14 pp. 
' ~ e u l ,  Maurice ,  and A .  G .  K i m .  Coa l  Beds: A Source  of  N a t u r a l  Gas. O i l  and 
Gas J . ,  v .  73,  No. 34 ,  June  16 ,  1975,  pp. 47-49.  
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FIGURE 1. - Location of shaft s i te  in virgin Pittsburgh coalbed. 
HORIZONTAL HOLES 
Five 3-112-inch-diam h o r i z o n t a l  d e g a s i f i c a t i o n  and one i n  s i t u  p r e s su re  
ho le  were d r i l l e d :  Two d e g a s i f i c a t i o n  and one p r e s su re  ho l e  i n  the  North 
heading and one d e g a s i f i c a t i o n  ho le  i n  each of t h e  o t h e r  t h r e e  headings.  The 
d e g a s i f i c a t i o n  ho l e s  were d r i l l e d  ranging  i n  dep th  from 670 t o  2,126 f e e t  and 
the p r e s su re  ho l e  was d r i l l e d  t o  a  depth of 214 f e e t .  The d i r e c t i o n  of ho les  
w i t h  r e s p e c t  t o  f ace  and b u t t  c l e a t s ,  r e l a t i o n s h i p s  of s h a f t  t o  a  p ro j ec t ed  
s e t  of e n t r i e s  being d r i v e n  toward t h e  s h a f t ,  l o c a t i o n  of gas  w e l l s ,  and 
l e n g t h  of ho les  a r e  shown i n  f i g u r e  2 .  
Cleat system 
Intake ------------ - -- --- - 
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Scale, f t - 
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FIGURE 2. - Locat ion of degasif icat ion holes underground wi th respect to closest mine work- 
ings, to projected main headings, and to face cleats. 
A 30-hp ,  e l e c t r o h y d r a u l i c  h o r i z o n t a l  d r i l l  was used  t o  d r i l l  t h e  3 -1 /2 -  
inch-diam d e g a s i f i c a t i o n  h o l e s .  Gas f low d u r i n g  d r i l l i n g  was c o n t r o l l e d  a t  
t h e  f a c e  by d r i l l i n g  t h r o u g h  a  Bureau-des igned s t u f f i n g  box which  s e p a r a t e d  
t h e  g a s  from w a t e r  and d r i l l  c u t t i n g s  ( f i g s .  3 - 6 ) .  Both d u r i n g  and a f t e r  
d r i l l i n g ,  g a s  was p i p e d  t o  a n  18- inch-diam,  7 - f o o t - h i g h  r e c e i v e r  t a n k  and t h e n  
t o  t h e  s u r f a c e  th rough  a n  8 - inch-d iam p i p e .  The s t u f f i n g  box was a t t a c h e d  t o  
a  4 - inch-d iam p i p e  f i t t e d  w i t h  a  4 - i n c h  v a l v e  s o  t h e  h o l e  cou ld  be  s h u t  i n ,  i f  
n e c e s s a r y .  The 4 - inch-d iam,  2 1 - f o o t - l o n g  s t e e l  p i p e  was g r o u t e d  i n t o  a  25- 
f o o t - d e e p ,  6 - inch-d iam h o l e  d r i l l e d  i n t o  t h e  c o a l b e d  ( f i g .  7). '  
W e r v i k ,  J .  , H. H. F i e l d s ,  and G .  N .  Au l .  R o t a r y  D r i l l i n g  o f  Ho les  i n  C o a l -  
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FIGURE 4. - View of drill. 
FIGURE 5. - View of drill controls. 
FIGURE 6. - View of drill ~owerpack unit (e le~troh~draul ic) ,  
~t thick shaft liner/ 
r1/2-in valve 
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FIGURE 7. - Arrangement for grouting 4-inch-diam steel pipe into coalbed. 
DEGAS IFICATION AND DEWATERING 
Each hole  a f t e r  completion was connected t o  a Bureau-designed water-gas 
s epa ra to r .  A Venturi  gas flow measuring device  was i n s t a l l e d  i n  t he  pipe 
between the  water-gas s epa ra to r  and the 18-inch-diam by 7-foot-high r ece ive r  
tank.  Gas i s  piped t o  the su r f ace  through an 8-inch-diam pipe loca ted  behind 
the  s h a f t  l i n e r  ( f i g .  8 ) .  The gas a t  p resent  i s  being purchased by a gas  com- 
pany having commercial g a s l i n e s  nearby. Previous ly ,  the  gas was vented t o  the  
atmosphere. 
The i n  s i t u  pressure  and gas and water  volume measurements a r e  made a t  
approximately 10-day i n t e r v a l s  ( f i g s .  9-17). 
FIGURE 8, - Typical degasification setup for each of the four headings in the 18-foot 
return air shaft. 
1,200 I I I I I I ?6  I I I 1 
)r 
0 - u 
\ 
C 4 holes 







6 0 0 -  w I 3 d i? 
/ - 2  
Water flow /' I I 
L- J - I 
I I I I I 1 I 0 
0 100 200 300 400 500 600 700 
TIME, days 
FIGURE 9. - To ta l  gas and water f low rates. 
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FIGURE 17. - Gas flows; holes 3, 4, and 5. 
DISCUSSION OF FLOW DATA 
When a l l  t h e  ho les  were completed, t h e  i n i t i a l  t o t a l  gas  f low,  t h e  
i n  s i t u  p r e s s u r e ,  and t o t a l  waterf low a f t e r  the  f i r s t  24 hours of o p e r a t i o n  
from the  f i v e  3-112-inch-diam holes  were 994,000 f t 3 / d ,  18 l b / i n a g ,  and 2.95 
ga l /min ,  r e s p e c t i v e l y .  Waterf low averaged 0 .6  ga l /min /ho le .  I n i t i a l  measure- 
ments were in f luenced  by t h e  long d r i l l i n g  per iod .  
Gas Analvsis  
The methane gas  i s  of p i p e l i n e  q u a l i t y  and i s  no t  expected t o  r e q u i r e  
remedia l  t rea tment  f o r  acceptance i n t o  t h e  gas  company's supply l i n e  ( t a b l e  1 ) .  
TABLE 1. - Comparative gas a n a l y s i s ,  pc t  
I n t e r f e r e n c e  E f f e c t  
Table 2  summarizes t he  comparative d a t a  on t h e  d e g a s i f i c a t i o n  holes  a t  
t h e  18-foot  s h a f t  and t h e  mult ipurpose borehole .  Table 1 shows a  comparison 
of gas composition from the  mult ipurpose borehole and the  18-foot  s h a f t .  A t  
both l o c a t i o n s  t he  gas  emit ted con ta in s  about 9  pc t  carbon d ioxide .  Gas com- 
p o s i t i o n s  a r e  comparable a t  t he se  s i t e s ,  about 2 .6  mi les  a p a r t .  
18 - f t  - d i m  
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Average gas  flow per  100 f e e t  of h o l e  ( t a b l e  2) i s  h igher  a t  t he  18-foot  
s h a f t  than the  mult ipurpose borehole .  This i s  t o  be expected. Seven ho le s  
were d r i l l e d  from the  bottom of t he  mult ipurpose borehole ,  and because of t h e  
l eng th  of t h e  ho l e s  (average l eng th  618 f e e t ) ,  gas  flow from any one hole  i s  
soon a f f e c t e d  by the ad j acen t  ho l e s .  This  e f f e c t  i s  c a l l e d  " in t e r f e r ence . "  
One hole  robs gas t h a t  would flow i n t o  t he  ad jacent  ho les  which a r e  i n t e r -  
connected by the  f r a c t u r e  system of t he  coalbed.  The i n t e r f e r e n c e  e f f e c t  i s  
more pronounced on ad j acen t  ho l e s  d r i l l e d  a t  an angle  of 25" o r  more t o  t he  








TABLE 2 .  - I n i t i a l  g a s  f low d a t a  f o r  d e g a s i f i c a t i o n  h o l e s  
o f  t h e  1 8 - f o o t  s h a f t  ( s e t  1 )  and 
m u l t i p u r p o s e  b o r e h o l e  ( s e t  2 )  
SHUT - I N  EFFECT 
The u se  of underground p i p e l i n e s  i n  c o a l  mines t o  t r a n s p o r t  methane t o  
t he  s u r f a c e  i s  being cons idered  because a i r  r equ i r ed  t o  d i l u t e  l a r g e  q u a n t i -  
t i e s  of methane produced dur ing  and a f t e r  d r i l l i n g  i s  no t  a v a i l a b l e  g e n e r a l l y .  
I n  a d d i t i o n ,  d i l u t i n g  methane wi th  a i r  t o  pe rmi s s ib l e  l e v e l s  underground i s  a  
waste  of  a  n a t u r a l  r e sou rce .  
P ip ing  methane from underground l o c a t i o n s  t o  t he  s u r f a c e  i s  no t  a  new 
concept and t h e  e a r l i e s t  a t t empts  a t  work of t h i s  n a t u r e  were made i n  Great  
B r i t a i n  about 200 yea r s  ago. Large-sca le  o p e r a t i o n s ,  which d i d  no t  occur  
u n t i l  a f t e r  1943, were appl ied  a t  many c o l l i e r i e s  i n  t h e  Ruhr, t h e  Saa r ,  
Belgium, France,  and Great  B r i t a i n .  However, i n  t he  United S t a t e s ,  no l a r g e -  
s c a l e  ope ra t i ons  were undertaken dur ing  t h i s  per iod  u n t i l  r e c e n t l y .  
Many problems r e l a t i n g  t o  t h e  o p e r a t i o n  of underground p i p e l i n e s  must be 
solved before  t h e  system w i l l  be o p e r a t i o n a l .  One of t h e s e  problems i s  l e ak -  
age caused by improper i n s t a l l a t i o n  o r  a l inement  of  t he  p i p e l i n e .  Leakage can  
be prevented o r  minimized by p re s su re  t e s t i n g  (hydrau l ic  o r  pneumatic) be fo re  
t he  l i n e  i s  placed i n  s e r v i c e .  A method f o r  determining a  reasonable  t e s t  
p r e s su re  which w i l l  v a r y  from one coalbed t o  another  o r  w i t h i n  t h e  same c o a l -  
bed i s  ou t l i ned  i n  t h e  paragraphs t h a t  fo l low.  
Most coalbeds have an a s s o c i a t e d  gas r e s e r v o i r  p r e s s u r e .  I n  t h e  Poca- 
hontas  No. 3  coa lbed ,  t h e  r e s e r v o i r  p r e s su re  i s  650 ~ b / i n ~ ~ ; ~  and i n  t h e  
P i t t s b u r g h  coa lbed ,  t h e  r e s e r v o i r  p r e s su re  i s  275 l b / i n 2  . lo Gas p r e s su re  
g r a d i e n t s  a r e  known t o  e x i s t  around mine openings. l l  These g r a d i e n t s  a r e  
s t e e p e r  near  a c t i v e  f a c e  a r e a s  i n  s e c t i o n s  advancing i n t o  v i r g i n  c o a l  compared 
t o  r i b  a r e a s  i n  t he  r e t u r n s  t h a t  have been exposed f o r  months. I n  t he  P i t t s -  
burgh coa lbed ,  measurements a t  an a c t i v e  f ace  show t h a t  t h e  gas p r e s su re  a t  a  
dep th  of 175 f e e t  i s  34 ~ b / i n ~ ~ .  A t  t h e  c o l l a r  of t h e  h o l e ,  t he  gas  p r e s su re  
i n  t he  coalbed i s  near  a tmospheric .  Therefore ,  t he  gas  p r e s su re  g r a d i e n t  i s  
0 .19 ~ b / i n ~ ~ / f t .  A h o r i z o n t a l  ho le  must be d r i l l e d  a t  l e a s t  1,450 f e e t  t o  
reach  a  po in t  i n  the  coalbed where gas  p r e s su re  i s  approaching t h e  r e s e r v o i r  
gas  p r e s su re  (275 1b / inag)  of t he  coa lbed .  The gas  p r e s su re  ve r sus  depth 
curve approaches r e s e r v o i r  p r e s su re  a sympto t i ca l l y .  Therefore ,  i n  o rder  t o  
reach  r e s e r v o i r  p r e s su re  d r i l l i n g  must exceed a  depth of 1,450 f e e t .  
Seve ra l  t e s t s  were conducted i n  t he  Honey Run s h a f t  t o  determine gas  
p r e s su re  i nc r ea se  a t  t he  c o l l a r  of t h e  ho le  when t h e  ho le  i s  s h u t - i n  o r  when 
the  main underground p i p e l i n e  i s  blocked.  When e i t h e r  occu r s ,  gas  flows 
8 ~ r o m i l o w ,  J .  G . ,  and J .  H. Jones .  Drainage and U t i l i z a t i o n  of Firedamp. 
C o l l i e r y  Eng., v .  32 ,  No. 6 ,  June 1955, pp. 222-232. 
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w i t h i n  t h e  coalbed a r e  r e d i s t r i b u t e d .  Because ga s  p r e s s u r e s  a t  t h e  back p a r t  
of t h e  h o l e  a r e  h igher  than  t hose  nea r  t h e  c o l l a r ,  gas w i l l  beg in  t o  flow from 
t h e  h o l e  i n t o  t h e  coalbed nea r  t h e  c o l l a r  and e v e n t u a l l y  i n t o  t h e  mine opening. 
Re fe r r i ng  t o  f i g u r e  2 ,  du r ing  t he  f i r s t  t e s t ,  h o l e  3 was s h u t - i n  and ga s  
p r e s s u r e  bu i ldup  was monitored wh i l e  ho l e s  1, 2 ,  4 ,  and 5 remained open t o  
f low.  Over a per iod  of  42 
1 7 5  I I I I I I h ou r s ,  ga s  p r e s s u r e  i n  
nec ted  through t h e  more p e r -  
meab l e  f a c e  c l e a t .  The re fo r e ,  
one would expec t  ga s  t o  
2 7 5 -  
v, 
I I I I I I I I 
0 5 10 15 2 0  2 5  3 0  3 5  4 0  4 5  
T IME,  hours 
ho l e  3 i nc r ea sed  from nea r  
a tmospher ic  t o  29.5  l b / i n 2 g .  
However, ga s  flow r a t e  from 
t h e  a d j a c e n t  h o l e  5 
i nc r ea sed  from 114,000 t o  
170,000 f t 3 / d .  Flow a t  
h o l e  1 inc r ea sed  a l s o  from 
85,000 t o  107,000 f t 3  /d .  
No i n c r e a s e  i n  flows was 
Hole 5 
150 - - 
- 
n (r 
FIGURE 18. - Shut-in gas pressure buildup; holes 1, 2, 4, 
and 5. 
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c r o s s  over  t o  h o l e  5 e a s i l y .  
However, t h e  i n c r e a s e  i n  g a s  
f low from ho l e  1 i s  more 
d i f f i c u l t  because gas  from 
t h e  v i c i n i t y  of  h o l e  3 o r  5 
must flow through t he  l e s s  
permeable b u t t  c l e a t  t o  






I n  a second t e s t ,  a l l  
ho l e s  were s h u t - i n  and gas  
p r e s s u r e  was monitored a t  
each  ho le .  F igure  19 shows 
t h e  bu i ldup  p r e s su re  a t  each 
h o l e  f o r  a per iod  of  about  
21  hours .  During t h i s  
s h u t  - i n  p e r i o d ,  gas  f low 
through t h e  f a c e s  and r i b s  
of t h e  s h a f t  i nc r ea sed  and 
when t h e  methane concen t r a -  
t i o n  reached 2 p c t ,  t h e  t e s t  
was t e rmina t ed .  The s h u t  - i n  
u 
5 0  
I ! /  I p r e s s u r e s  ranged from a low 1 1 1  
4 6 8 
I I I 
10 112 l h  I 
1 I I 
I 8 20 2 2  j 4  of 21.3 l b / i n2g  a t  ho l e  4 t o  
TIME, hours 
a h igh  of  32.6  1b / inag  a t  
observed a t  ho l e s  2 and 4 .  
Hole 2 
These r e s u l t s  a r e  shown 
- p l o t t e d  i n  f i g u r e s  18 and 
Hole  4 
FIGURE 19. - Shut-in gas pressure buildup; holes 1, 2, 3, h o l e  3 ( f i g .  20) . 
4, and 5. 
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FIGURE 20. - Shut-in gas pressure buildup; hole 3. 
The t e s t s  show t h a t  g a s  p r e s s u r e  i n  a  b locked p i p e l i n e  w i l l  n o t  b u i l d  up 
t o  t h e  r e s e r v o i r  p r e s s u r e  o f  t h e  c o a l b e d .  Leakage of g a s  i n t o  t h e  mine open- 
i n g  th rough  c o a l  su r round ing  t h e  h o l e  and t h e  r e d i s t r i b u t i o n  o f  g a s  w i t h i n  t h e  
coa lbed  from h i g h e r  gas  p r e s s u r e  t o  lower p r e s s u r e  zones p r e v e n t s  t h e  b u i l d u p .  
The s h u t - i n  g a s  p r e s s u r e  w i l l  be h i g h e s t  immediate ly  a f t e r  t h e  h o l e  i s  d r i l l e d .  
A s  d e g a s i f i c a t i o n  p roceeds  over  a  number o f  y e a r s ,  t h e  s h u t - i n  p r e s s u r e  
d e c l i n e s .  I f  methane g a s  i s  piped underground i n  c o a l  mines ,  a  90 1b / inag  
t e s t  p r e s s u r e  f o r  underground p i p e l i n e s  appears  r e a s o n a b l e  i n  t h e  P i t t s b u r g h  
coa lbed  (Fa i rv iew,  W .  Va. , a r e a )  based upon a  s a f e t y  f a c t o r  of two. 
P i t t s b u r g h  Coalbed: Flows From I n d i v i d u a l  Holes 
At tempts  were made t o  d r i l l  each  h o l e  t o  a  d e p t h  of  about  1 ,000 f e e t ,  and 
h o l e s  a r e  numbered i n  o r d e r  of d r i l l i n g .  Hole 1 was t e r m i n a t e d  a t  a  dep th  o f  
670 f e e t  because  t h e  r o t a t i n g  d r i l l  p i p e  wore t h e  c a s i n g  t h i n .  A l i n e r  c a s i n g  
h a s  been i n s t a l l e d  f o r  s a f e t y .  
Gas and w a t e r  f lows from h o l e  1 a r e  shown i n  f i g u r e  11. Upon comple t ion  
o f  h o l e  1, d r i l l i n g  o f  h o l e  2  was s t a r t e d .  The e f f e c t  o f  d r i l l i n g  h o l e  2  o n  
g a s  f lows  from h o l e  1 i s  c l e a r l y  shown by compar ison i n  f i g u r e s  11 and 12. 
Approximate ly  35 days a f t e r  h o l e  1 was completed and h o l e  2  was be ing  d r i l l e d  
a t  a  d e p t h  o f  500 f e e t ,  g a s  f low from h o l e  1 was dropping r a p i d l y .  A t  t h e i r  
c o l l a r s ,  h o l e s  1 and 2  a r e  a b o u t  15 f e e t  a p a r t .  A t  a  d e p t h  o f  500 f e e t  a long  
h o l e  2 ,  t h e s e  h o l e s  a r e  abou t  600 f e e t  a p a r t  and t h e y  a r e  i n t e r c o n n e c t e d  
th rough  t h e  more permeable f a c e  c l e a t  of  t h e  c o a l b e d .  F u r t h e r  ev idence  of  a n  
i n t e r f e r e n c e  e f f e c t  between t h e s e  h o l e s  a t  a  t ime o f  270 days  i s  shown i n  
f i g u r e  16.  Gas f low from h o l e  1 d r o p s  r a p i d l y .  Waterflow from h o l e  1 a t  t h i s  
t ime i s  d e c l i n i n g  s t e a d i l y  b u t  a t  h o l e  2 ,  a  s m a l l  b u t  s t e a d y  i n c r e a s e  i n  
w a t e r f l o w  i s  obse rved .  Gas and w a t e r  f lows  from h o l e  1 s u b s e q u e n t l y  d e c l i n e d  
t o  z e r o ,  which was caused  by a  b lockage n e a r  t h e  c o l l a r  of  t h e  h o l e .  When 
c l e a n e d ,  i n i t i a l  gas  flow was 190,000 f t 3  /d which dec l i ned  t o  76,000 f t 3 / d  i n  
10 days .  Water flowed a t  a s t e a d y  r a t e  of 0 .5  gal /min.  
Gas flow from hole  2 shows a sharp  dropoff  a t  a t ime of about 400 days 
( f i g .  1 2 ) .  There i s  no apparen t  reason  f o r  t h i s  d ropo f f ,  excep t  p o s s i b l e  
blockage of wate r  from ho l e  1. This  blockage causes  an  accumulation of wate r  
i n  t h e  coalbed which a f f e c t s  gas  flow from hole  2.  
The i n  s i t u  gas  p r e s su re  moni tor ing ho l e  i s  loca ted  between h o l e s  1 and 2 
( f i g .  2 ) ,  and t h e  gas  p r e s s u r e  h i s t o r y  i s  shown i n  f i g u r e  10. The r i s e  i n  gas 
p r e s su re  between 400 and 550 days i s  due t o  blockage of gas  flow from h o l e  1. 
When h o l e  1 was c leaned  of d e b r i s ,  ga s  p r e s s u r e  i n  t h e  coalbed dropped from 27 
t o  15 ~ b / i n ~ ~  i n  2 hours  and t o  10 ~ b / i n ~ ~  10 days l a t e r .  
Hole 3 was d r i l l e d  a t  an angle  of 90" t o  t h e  f ace  c l e a t  and flows a r e  
p l o t t e d  i n  f i g u r e  13. I n i t i a l  ga s  flow was h i g h e s t  f o r  t h i s  h o l e  and sub- 
s t a n t i a t e s  p rev ious  observat ions12 t h a t  h igher  flows i n  t h e  P i t t s b u r g h  coalbed 
a r e  ob ta ined  from h o l e s  which i n t e r c e p t  t he  f a c e  c l e a t s  a t  a r i g h t  ang l e .  
Flow decreases  a s  t h e  ang l e  i n c r e a s e s  w i t h  r e s p e c t  t o  t h e  b u t t  c l e a t  ( f i g .  21) .  
The sha rp  d e c l i n e  i n  flow from ho l e  3 a t  about 250 days co inc ides  w i t h  d r i l l -  
i ng  of h o l e  4 and subsequent gas flow does no t  appear t o  a f f e c t  gas  flow from 
ho l e  2. These h o l e s  a r e  in te rconnec ted  through b u t t  c l e a t s .  Undoubtedly, 
0 90 180 270 360 
DISPLACEMENT, degrees 
Hole paral lel to : 
B - Butt cleat 
F - Face cleat 
Least squares fit curve 
to the data 
Equation GFR= 306 t 226 cos 2 8 
GFR= gas f low/day/foot of hole 
in ft3/day/ft 
8=  angle of hole measured clockwise with 
respect to an arbitrary O0 line 
parallel to the butt cleat 
FIGURE 21. - Calculated trend curve of initial gas emission rates from degasification holes. 
12Work c i t e d  i n  foo tno t e  10. 
i n t e r f e r e n c e  e f f e c t s  w i l l  occur  but a r e  more g r adua l  and, t h e r e f o r e ,  d i f f i c u l t  
t o  d i s c e r n .  
D r i l l i n g  o f  h o l e  5  caused a  s l i g h t  bu t  r a p i d  dropoff  i n  gas  flow from 
ho l e  3  ( f i g .  13; 480 days) .  Hole 1 a l s o  shows a  sharp  drop a t  t h i s  t ime which 
i s  c o i n c i d e n t a l .  This dropoff  i n  gas  flow was caused by complete blockage by 
d e b r i s .  P a r t i a l  blockage s t a r t e d  on t h e  260th day ( f i g .  11 ) .  Flow from t h i s  
ho le  was r e s t o r e d  when cleaned of d e b r i s  ( f i g .  11 ;  575 days ) .  
F igu re  18 shows t h e  c a l c u l a t e d  t rend  curve of i n i t i a l  gas  emission r a t e s  
from t h e  d e g a s i f i c a t i o n  ho l e s  a g a i n s t  an angle  measured clockwise from t h e  
b u t t  c l e a t  d i r e c t i o n .  
Assume the  fo l lowing  equa t ion :  
GFR = 306 + 216 (COS 28) ,  
where GFR = gas flow per  day per  f o o t  of ho l e  i n  cub i c  f e e t  per  day per  f o o t ,  
and a = angle  of  ho l e  measured clockwise wi th  r e s p e c t  t o  an a r b i t r a r y  0" 
l i n e  p a r a l l e l  t o  b u t t  c l e a t .  
Note t h a t  maximum flows a r e  ob ta ined  from ho l e s  d r i l l e d  p a r a l l e l  t o  t h e  b u t t  
c l e a t  (B), and t he  flows a r e  g r e a t e r  by about a  f a c t o r  of 4  compared t o  ho l e s  
d r i l l e d  p a r a l l e l  t o  t h e  f a c e  c l e a t s  (F) .  One might conclude t h a t  t o  o b t a i n  
t h e  g r e a t e s t  flow r a t e s  and q u a n t i t y  of gas  from a  s h a f t  d r i l l i n g  s i t e ,  a l l  
ho l e s  should be d r i l l e d  i n  d i r e c t i o n s  t h a t  a r e p a r a l l e l  or  n e a r l y  p a r a l l e l  t o  
b u t t  c l e a t s  (0" and 180"; f i g .  21) .  However, t h e  prev ious  d i s cus s ion  on 
i n t e r f e r e n c e  e f f e c t  shows t h a t  the  flow from two ad j acen t  h o l e s  i n  t h i s  d i r e c -  
t i o n  w i l l  no t  be doubled. Holes 1 and 2  prov ide  a  good example of t h e  i n t e r -  
f e r ence  e f f e c t .  Both make an ang l e  of about 30" w i th  t h e  b u t t  c l e a t .  D r i l l i n g  
another  ho l e  between ho l e s  1 and 2 would i nc r ea se  flows on ly  s l i g h t l y .  Note 
t h a t  f low i n t o  t he se  ho l e s  would be p r imar i l y  a long  t he  f a c e  c l e a t  ( f i g .  21) .  
Hole 1 i n t e r c e p t s  gas  f low from t h e  l e f t ;  ho l e  2  i n t e r c e p t s  gas  flow from t h e  
r i g h t .  The ho le  between t h e s e  two i s  sh i e lded  and t h e  f low r a t e  would 
d e c l i n e  r a p i d l y .  
I n i t i a l  waterf low from a l l  ho l e s  a f t e r  complet ion i s  lower (2.95 gal /min)  
a t  t h e  18-foot-diam s h a f t  t han  a t  t h e  mul t ipurpose  borehole  (43.1 ga l /min) .  
The smal l  waterf low from t h e  h o l e s  i n  t he  18-foot-diam s h a f t  i s  being i n f l u -  
enced by a  second 18-foot-diam s h a f t  l oca t ed  425 f e e t  away. This  s h a f t  has  
been kep t  dewatered t o  t h e  bottom of t h e  coalbed both dur ing  and a f t e r  d r i l l -  
ing  ope ra t i ons ,  and a c t s  a s  a  n a t u r a l  d ra inage  sump f o r  t h e  coalbed i n  t h i s  
a r e a .  Consequently,  lower wate r  flow r a t e s  from t h e  d e g a s i f i c a t i o n  ho l e s  a r e  
observed when compared t o  t h e  mult ipurpose borehole .  A s  wate r  i s  removed from 
t h e  coalbed o r  i f  t h e r e  i s  no wa te r ,  gas  f low i n c r e a s e s  u n t i l  t h e  i n  s i t u  
p r e s su re  and gas  mig ra t i on  flow r a t e s  s t a b i l i z e .  I n  both t he  mul t ipurpose  
borehole  and t he  18-foot-diam s h a f t ,  t h e  i n  s i t u  p r e s su re  f l u c t u a t e s  w i t h i n  
t h e  same range (7 t o  18 ~ b / i n ~ ~ ) .  
Shaf t  D r i l l i n g  P a t t e r n s  
Over a  period of 500 days, t o t a l  gas flow from the  s h a f t  s i t e  averaged 
884,000 f t 3 / d  ( f i g .  9 ) .  Tota l  waterflow averaged 1 .8  gal/min. D r i l l i n g  of 
add i t iona l  holes  i n  no r th  and south d i r e c t i o n s  i s  not  expected t o  increase  
s u b s t a n t i a l l y  t h e  gas flow from the  s h a f t  because of i n t e r f e rence  e f f e c t s  
noted previously between holes  i n  these  d i r e c t i o n s .  The s l i g h t  increase  i n  
gas flow t h a t  might r e s u l t  from add i t iona l  holes  i s  not  warranted. However, 
add i t iona l  holes  i n  the  e a s t  and west d i r e c t i o n s  may be warranted. No appar- 
end i n t e r f e r e n c e  e f f e c t s  were noted between holes  1 and 5  o r  4  and 2. I n t e r -  
fe rence  occurs through the b u t t  c l e a t ,  which i s  not a s  permeable a s  the  face 
c l e a t ;  t h e r e f o r e ,  the  e f f e c t  i s  gradual  and tends t o  be masked by normal 
dec l ine  i n  gas flow wi th  time. Therefore, t o  degasify the  coalbed i n  the e a s t  
and west d i r e c t i o n s  as r a p i d l y  a s  the  nor th  and south d i r e c t i o n s ,  a d d i t i o n a l  
holes  a r e  warranted i n  the  e a s t  and west d i r e c t i o n s .  A recommended p a t t e r n  
f o r  the  P i t t sbu rgh  coalbed i s  shown i n  f i g u r e  22. 
The inf luence  of gas we l l s  upon gas emission from the  ho r i zon ta l  degas i -  
f i c a t i o n  holes  was noted only i n  hole 4  where a  s i g n i f i c a n t  increase  i n  gas 
flow was observed as  the hole was d r i l l e d  pas t  t h e  wel l .  A t  a  depth of 785 
f e e t ,  gas flow from hole 4  was 122,000 f t 3 / d ;  a t  a  depth of 856 f e e t ,  only 71 
f e e t  f u r t h e r ,  t he  flow had increased 98,000 f t 3 / d  t o  220,000 f t 3 / d .  The hole 
i s  approximately 70 f e e t  from t h e  wel l .  
1 Because the  holes  were 
All holes approximately 
1,000 f t  long 
Face cleat ' 
direction p a r t i a l l y  o r  complete closed Butt 'Ieat i n  during d r i l l i n g ,  t he  flow I direction 
d a t a  recorded during d r i l l -  
ing a r e  not  include i n  t h e  
flow c h a r t s .  The readings ,  
when p l o t t e d ,  a r e  not  mean- 
i n g f u l  when compared t o  the  
cons tant  dynamic gas flow 
curves a f t e r  a l l  ho les  were 
connected t o  the  c o l l e c t o r  
system. When flow da ta  from 
holes  1 and 2  a r e  compared 
( f i g .  16) ,  i t  i s  ev ident  
t h a t  t he  holes  a r e  in t e rcon-  
nected through the  face  
c l e a t s .  It a l s o  was noted 
t h a t  i f  hole 1 was closed i n ,  
flow from hole 2  would 
increase  correspondingly. 
The same i s  t r u e  i f  holes  3 ,  
4 ,  and 5 ,  r e s p e c t i v e l y ,  a r e  
compared ( f i g .  17) .  
F I G U R E  22. - Recommended d i rec t i on  o f  ho les  w i t h  re- 
spect  t o  bu t t  and face  c l e a t  systems. 
Observations on Gas Flow From Horizontal  Holes 
i n  Other Coalbeds 
The Beckley coalbed near Beckley, W .  V s . ,  i s  s imi l a r  t o  the P i t t sbu rgh  
coalbed. Both a r e  blocky-type coa ls  wi th  well-developed face  and b u t t  c l e a t s .  
D r i l l i n g  s tud ie s  i n  the  Beckley coalbed ind ica t e  t h a t  flow r a t e s  from holes  
d r i l l e d  perpendicular  t o  the  face c l e a t  a r e  two t o  th ree  times the  flow r a t e s  
from holes  d r i l l e d  p a r a l l e l  t o  the  face  c l e a t .  Therefore, the s h a f t  d r i l l i n g  
p a t t e r n  fo r  the  P i t t sbu rgh  coalbed ( f i g .  22) i s  appl icable  t o  the  Beckley 
coalbed. 
The f r i a b l e - t y p e  coalbeds t h a t  do not  have well-developed face  and b u t t  
c l e a t s  tend t o  have a  lower f r a c t u r e  permeabil i ty  than the  blocky type of coa l -  
bed. Gas flow from holes  tend t o  be independent of hole d i r e c t i o n  with 
r e spec t  t o  face and b u t t  c l e a t s .  Typical f r i ab le - type  coalbeds include Upper 
Kit tanning and Lower Kit tanning,  Upper Freeport  and Lower F reepor t ,  Pocahontas 
No. 3 ,  and the  B seam a t  the  Dutch Creek Mine, Colorado. In  genera l ,  f o r  
s h a f t  d r i l l i n g  i n  f r i a b l e  coalbeds,  s i x  holes  a t  60' between holes  appear 
adequate.  I f  the  holes  a r e  1,000 f e e t  long, the ends of two adjacent  holes  
w i l l  be 1,000 f e e t  a p a r t .  For holes  2,000 f e e t  long, the ends of two adjacent  
holes  w i l l  be 2,000 f e e t  a p a r t ,  and a d d i t i o n a l  holes  may be necessary t o  
degas i fy  the  coalbed r a p i d l y .  
As of June 1, 1976, methane emissions a t  the a c t i v e  working faces  of 
1 West mains heading system a t  Eas tern  Associated Coal Corp.,Federal No. 2 
mine,has been reduced by 50 p c t .  This i s  s i g n i f i c a n t ,  and f u l l y  demonstrates 
the  f e a s i b i l i t y  of coalbed d e g a s i f i c a t i o n  by long hor i zon ta l  holes  d r i l l e d  
from s h a f t  bottoms 2 years o r  more ahead of mining. Methane emission was 
reduced from 200 t o  100 ft3/min a t  the  working faces  when development had 
advanced t o  wi th in  2,700 f e e t  of t he  s h a f t  bottom. 
CONCLUS IONS AND RECOMMENDAT IONS 
Degas i f ica t ion  of t he  P i t t sbu rgh  coalbed has been success fu l ly  demon- 
s t r a t e d  a t  two s i t e s - - t h e  multipurpose borehole and t h e  18-foot-diam s h a f t .  
Figure 1 shows loca t ion  of both s h a f t s  i n  the  Federa l  No. 2 mine. The dec l ine  
of gas flow from the s h a f t  s i t e  ( f i g .  9 )  shows t h a t  flows of methane exceeding 
600,000 f t3 /d  can be expected f o r  t he  next  2 o r  3 years .  Therefore, s h a f t s  
should be located 5 years  o r  more ahead of mining t o  adequately degasify the 
coalbed surrounding the s h a f t  and to r e a l i z e  maximum b e n e f i t s  from the  s a l e  of 
gas .  Shaft  d e g a s i f i c a t i o n  p ro jec t s  should be planned s o  t h a t  mine e n t r i e s  are  
not c l o s e r  than 3,000 f e e t  from the s h a f t  a rea  during the  planned degas i f i ca -  
t i o n  period.  Driving e n t r i e s  toward the  s h a f t  w i l l  reduce s u b s t a n t i a l l y  the  
flows from the  s h a f t  d e g a s i f i c a t i o n  s i t e .  
As of June 1, 1976, methane emission had decreased from the i n i t i a l  
s t a b i l i z e d  flow of 860,000 t o  600,000 f t 3  /d .  
I t  a l s o  i s  s i g n i f i c a n t  t h a t  the gas from the  s h a f t  d e g a s i f i c a t i o n  p r o j -  
e c t  was piped f o r  commercial use d i r e c t l y  t o  t h e  community of Wadestown, 
W .  Va. No remedial t reatment  nor blending was requi red  although the CO, 
content  was high.  
I t  i s  concluded t h a t  d e g a s i f i c a t i o n  by long h o r i z o n t a l  h o l e s  d r i l l e d  2  t o  
5 y e a r s  ahead o f  mining i s  a  most e f f e c t i v e  way t o  (1 )  d e g a s i f y  l a r g e  v i r g i n  
a r e a s  of t h e  v e r y  g a s s y  P i t t s b u r g h  c o a l b e d ;  (2 )  r e d u c e  methane e m i s s i o n  a t  
mine working f a c e s ,  t h e r e b y  r e d u c i n g  i g n i t i o n  and e x p l o s i o n  haza rd  ; 
( 3 )  d e c r e a s e  v e n t i l a t i o n  c o s t ;  and (4)  i n c r e a s e  c o a l  p r o d u c t i o n .  
The a v e r a g e  d e p t h  o f  t h e  seven h o r i z o n t a l  h o l e s  i s  618 f e e t .  A t  t h e  18-  
f o o t  -diam s h a f t  , g a s  f lows  have averaged 884,000 f  t3 /d f o r  1 . 6  y e a r s  and t h e  
a v e r a g e  d e p t h  o f  t h e  f i v e  d e g a s i f i c a t i o n  h o l e s  i s  1 ,166  f e e t .  T h e r e f o r e ,  a  
l a r g e  a r e a  o f  t h e  c o a l b e d  w i l l  be d e g a s i f i e d  a t  t h e  s h a f t  s i t e .  
